Test Report N° 240513-04.TR0O5

Annex E. Calibration Certificates

Rev. 00

. Serial Calibration
ID Device Type/Model Number Manufacturer Certificate
443-000 E-field Probe EUMMWV2 9538 SPEAG
086-000 Dosimetric E-field EX3DV4 7455 SPEAG
Probe
096-000 6500MHz System D6.5GHZV2 1013 SPEAG
Validation Dipole

Dipole calibration

According to the KDB 865664 D01, a dipole must be calibrated using a fully validated SAR system according to the
tissue dielectric parameters and SAR probe calibration frequency required for device testing. However, instead of the
typical annual calibration recommended by measurement standards, longer calibration intervals of up to three years
may be considered when it is demonstrated that the SAR target, impedance and return loss of a dipole have remain
stable according to the following requirements.
The test laboratory must ensure that the required supporting information and documentation are included in the SAR

report to qualify for the three-year extended calibration interval; otherwise, the IEEE Std 1528-2013 recommended
annual calibration applies.

Immediate re-calibration is required for the following conditions:

1. When the most recent return-loss result, measured at least annually, deviates by less than 20% from the
previous measurement (i.e. value in dB x 0.2) and meeting the required 20 dB minimum return-loss requirement.

2. When the most recent measurement of the real and imaginary parts of the impedance, measured at least

annually, deviates by less than 5 Ohms from the previous measurement.

Dipole ID #096-000

Dipole 6500MHz Head TSL

Return Loss [dB] Impedance [Q] Date
Initial Calibration -24.5 49.4-59]j 2020-08-25
Last calibration -27.2 49.8-4.4] 2021-09-10
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Glossary:

TSL trssue smulabing bguid

RORM, 2 sansithvity in ires space

Comf sansithaity in TSL | NOR M52

DCe e comprassion poinl

CF oresi facior (1iduty_cycie) of the RF signal

A B CD modulation dependent Eneanzaton parameiers

Polarzation ¢ i rotation ercaund probe s

Polarization § B rotaticn arcurd an axis thal is in the plana normal fo probse acs (at measuremaen] cender),

L., B = 0 is pomal 1o probe xis
Connactar Angi infoemation st DASY system lo abgn probe sensor X 1o the robot coordinate sysiem

Calibration is Performed According to the Following Standards:

a) IEEE Sid 1528-2013, "IEEE Recommandsad Praciics for Delermining e Peak Spalial-Averaged Specic
Absorpion Rate (SAR) in he Human Hesd from Wirsess Communicalions Devices: Weasuremeni
Technigues®, June 2013

B} DEC 8X209-1, °, “Maasurement procedure for the assessmen of Specific Absorplion Rale (SAR) from hand-
haid and body-mounied devices used nexd to the ear (requency range of 300 MiHz 1o 8 GHz)", July 2018

) FEC 02209-2, "Procedure (o delermine ihe Speclic Absorption Fate (SAR) for wirsless communicalion devices
usad in closs proximily 1o he human body [frequency range of 30 MHz to & GHz)", March 2010

d} KDE BE5E84, "SAR Measuremant Requiremants for 100 MHz io § GHz*

mw-ﬁmﬂm

NORM . 1 Assessed lor E-fisld polarizalion & = 0 (f < 00 MHz in TEM-cell; | = 1800 MHz: RZ2 waveguids).
WORM. Y,z 80 only inlarmadiats valoes, L., (he uncerainties of NORMy.z doss nol allect the E*-eld
uncerisinty insids TSL (see balow CanviF)

= NORMxy.z = NORM: vz * Faguancy_respanss (ses Frequancy Response Chart), This linsartzation is
Implamanied in DASY4 soflware versions laler han 4.2, Tha wncerainty of tha frequency response is included
I tha slabad uncanainty of CamF.

#  DCPgyr DCP are numencal linearzation parameters assessed based on the data of power sweep with CW
MHMMM.EEFﬁ-MMmMWm.

=  PAR PAR is the Poak to Average Rabo thal is nod calibrabed but determined based on the signal
characteristics

= Arpr Beyr Coyz Dxyr VRxyr A B C D ee umencal linsarizaiion paramalens sssessed based on
the data of powes sesep for speciiic moduiation signal. Tha paramebsns do nol depend on fregquency nor
media. VA is the maxdmum callbmtion rangs sxpressed in RMES voltage across the dioda.

= ConvF and Bovndary Effect Paramelers. Assessed in Bal phanicm using E-field (or Temperature Traester
Standard for | = BO0 MHZz) and inside wavaguide using analytical field distributions based on power
msasuraments for | > 800 MHz The sama selups are ussd for aesesament of the paramelscs appied for

mm.rg'mwﬂumqwﬁuﬂ-ﬂwhwhhmym
mrnmmmmummmmmumm:mm:nm

»  Spherical iscirapy (3D devintion fom issiopy): inoo feid of low gradients realized using & fist phantom
eposed by a patch antenna.

& Sansor Offsat Tha sansor offsst comesponds io the offsst of vitual measurement cenber from the probe: i
(on proba xia). Mo iolerance mequired.

= Connecior Angle: The angle ks assessed using ihe information gainad by delesmining the NORMr (no
unoerisindy neguired].
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EMIONS ~ B TE55

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7455

Bsrch 18, I

Basic Calibration Parameters
Sarar X Bensor Y Sansor £ Unc =) |
Nerm r 042 041 — 040 $10.1 % |
Wﬁ 960 871 (1K
%mmmmmw - " 5 - .
di | BN e mV | dev. m
] oW W | G0 | Goo | 100 | 000 | i268 | tdA% | 14T %
¥ | 000 | 000 | 1.00 130.0
1 137.T
TERE | Pules Wkvalonr TEOFE, TORT— X 1438 %1 B RN I EELLAIELL
AAA ¥ | 2000 | FENE) B0.0
FANI BN IR 0.0 B |
1 f
AT' Pbss Wanstorm (200Hz. 20%) _g_ﬁ__‘g&ﬂ (1] _Eg_ t25% | t96%
Lol il = 255 2l = 2 ]
- Puiso Wiavmiorm TI_' "El;l:r:.u;l:ll:I _EE = W L
1 1 1, + 08
b R Sx] I_ﬁw—am— = bse "
000 | 0107 | 2190 120.0
'-I'E!_w T | PR Waeniorm, 1 MHE ; 1% g%i ;g 1.00 : tidh | t0B%
B0 | 6838 | 1562 150.0
:tuﬂ- CPER Warsmiorm, 10 MHz é m 1:| 11& [T7) :mng t00% | t96% |
Z | 25 | 6a.13 | 633 150.0
00SE- | B4-CuAN W mveloem, 100 BHZ _E_ B | 9 301 | 1500 | x0.7% | tR6%
s srasas il
7 X
"If“m:nu-: __#_"_ ﬁ EE.‘I' :E% (1) :mn 100% | L%
T | 558 | 6113 | 1084 | —380.0 |
10414 | WLAN CLDF, B-C, 40WFz | % | 508 | 6553 | 1562 | OO0 | 1500 | t06% | DA%
B ¥ | S48 ﬂﬂ__}% 1800
FEAN! BN N %00
Nobta; For datas on LID paramelens aes Appendia

of measurement is stated as the standard uncerainty of measurement

mﬂmﬁMMhlmnﬂdMWh:m

probeability of

:T- uhielierdes of Marm XY E a0 ml affect e r—“ﬂ_‘ i TS, (e Pages 50 and 7)
| Humenal rmansstion parameior uncnr sty el recsd
w:“_h_“mmm“qwﬂn.ﬂ-wun“un
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Page 3of 24






EXP = BN TASS

arch 18, 22

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7455

Sensor Model Parameters
[ I - ] a ™ T2 T3 T4 | T8 | T8
iF F | meEY" | maV" (L] v v
X 725 | 53754 | 3520 | 1128 | 058 400 | 080 0.43 1.00
¥ T4 | 2405 1812 0.03 [X[] 058 [ X1 1
z GO | 43612 | 3401 | BI7 | 033 | dm | 18 023 i
Oiher Probe Paramaders
Sen=ce Arrangement Trianguar
[ Connector Angla () 0.3 |
Mechanical Surface Detecton Mode anabied
| Optical Surface Dwlection Mode drsatiod
Probe COverall Length 7 mm
Probe Bocy Dameler 10 mm
[ Tip Langth 8 mm
| Tip Ciamater 25 mm
Probe Tip 10 Sonsor X Callbraton Pont 1mm
Proba Tip 10 Sonsor ¥ Calibration Point 1mm
Probe Tip 10 Sersor £ Calibration Point 1mm
| Recommierided Measurement Dstance rom Surlace 1.4 mm

Mote: Measursmen distance rom surlace can bs increassd io 3-8 mm for B0 Ares Scan job,

Corsficate Mo: EX3-T455_MarZ] Fagn 4 of 34





[EXMDAA= SH:T455 Barch 18, 2021

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7455

Calibration Parameter Determined in Head Tissue Simulating Media

e | pomtoty come x | come v | come z | manat | ‘i) | e
| 2450 302 1.80 720 7.20 720 | 030 | 090 | +120%
3300 383 M T4 T.41 741 030 135 +14.0%
| 3500 e 2: .99 .99 699 | 030 | 135 | +140%
3700 7 3z 878 | o7 676 | 030 | 135 | 1140%
| 3800 318 3z 854 858 B 040 1.7 £ 14.0 %
4100 372 353 6.58 .58 656 | 040 | 170 | 1140%
4200 7.1 a6 a.18 £18 -5 040 1.70 £ 14.0 %
- .. 369 2 L4t g S 108 1 LN LIS
4500 T 404 .77 7T §.TT 0.40 1.70 & 14.0 %
4800 364 425 5.74 574 574 | 040 | 170 | +140%
4880 383 4.40 557 557 557 040 1.7 & 14.0 %
5200 36.0 488 52 | s 522 | 040 | 180 | $140%
5300 389 478 503 | s03 503 | 040 | 180 | +140%
| S500 358 408 455 458 4 88 0.40 1.80 £14.0%
8800 385 507 448 | ase 446 | 040 | 180 | +140%
5800 363 5.27 457 457 457 | oao | 180 | $140%

‘m*h““ﬂlmﬂn_h DU Y wll A il higher (e Poge 2], sles i maiicied o2 50 M2 Tha
unCaimeney i T FES of T ConeF andartelily ol S E, Pidudy it B ey for B dacming freguancy b Frequasicy vy
il 3000 WBHE IS 5 B0, 39, A0, 30 and PO Ml tor Cone® messssvents ol M0 B4, 128, 150 mrvd 220 Wi sespeciively. Valaity of CorvE msessed o
B Bl by -G bl ond ComyF eseossd al 17 &b i § 13 s Abose 5 GHT Freguency vabiity can b eebended w8 110 Myz
" & reguences up -6 Gz T ity of T pararees (i and o) GEN b miesd i e 10 I B COMyassanoe MnTek & i i
F-H_- The srosimy = e M55 of i CowF unoanmnty i Felealed Mgl s parmmaiies.
AdghaTeph are deferrened dunng calbraton SO0AL waranty Fui B semainicg deviaion Sus io Fa bosrdary stect pfler companaation a
whmamyy: s Fhen & 1% dor teepesneaesy baow 3 GHT and Desow 5 T or e De0waesn 8 HT @ avy DA R T T e b g
e Aol the Doy .
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EXI0r/4- BHT4ES March 10, M

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7455

Calibration Parameter Determined in Body Tissue Simulating Media

o | purminy” | R | comex [comey | comez [mpmee | TR | o
2480 827 195 7ar | 7ar | 73t | o4z | oes | #120%
| 3300 518 308 8620 | 629 | €20 | 040 | 130 | z140%
3500 513 331 BAT 8.17 817 | 040 | 130 | s140%
3700 5.0 355 8.13 813 813 | 040 | 130 | $140%
| 3900 508 ara 887 587 567 | 040 | 180 | 2140% |
4100 50.5 40 5.37 537 | 537 | o40 | 180 | sv40%
| 4200 50.4 413 53 533 533 | 040 | 180 | 2140%
4400 801 4.37 54T 5.47 547 | D40 | 180 | 2140%
4600 40.8 480 844 544 544 | 040 | 180 | 2140%
4800 48,8 453 B3 E43 Ead 0.40 1,80 t140%
4950 484 5.01 5.40 5.40 540 | D40 | 180 | s140%
5200 40.0 5.30 487 487 467 | 080 | 180 | #140%
| 300 489 542 449 4,40 440 | 050 | 180 | s140%
5500 488 585 40 | 400 400 | 080 | 190 | s140%
=600 485 =N sy as7 97 0.50 1.90 t 14.0 %
5800 4832 8.00 410 410 | 410 | 050 | 180 | s140%

© Fomcpmncy unlcity shove 300 W2 of & D00 WHE orly apeiies lor QAR 'Y vl 4 and higher (sen Page 3|, sbe il i moicied o 50 Mz The
URTETy B T FEE of P CoinF uiiadtainly & ey and the uncoriaanty for e ol frequency band  Fesqusncy valling
hh-ﬂﬂ-hn:u.nn.ﬂ-nut-w——-m,u1:..1::”:"“-.“ of Codl prrassed #l
8 M o 48 T, gad ConeF amsessed 8l 13 MHZ i 10 Mz, Abova S (Hr frequency valdity can be sxdeded b:m

T ) v g I & G B waisity Of TR pararupters (o @ o CE b Misodd I £ 109 I biusd corsesilon MaTru f aopled o

iy W A T 1% S ey Do 3 G and beiow § ﬂhh-_h-ﬂﬂ-h-n-n_l-lrﬂﬂmt
‘danmsnion from: Bha Bamandery .
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EXCHIV4- SN T455 hiarch 19, AL

DASY/EASY - Parameters of Probe: EX3DV4 - SN:7455

Calibration Parameter Determined in Head Tissue Simulating Media
Relative "‘m Depth” Line
| 1[MHz)” | Permiimvity” | [Sim) ComFX | Convf ¥ | ConvF2 | Alpha” | (mm) | (=2)
8500 345 8.07 5.20 5.20 820 | 020 | 280 | #186%

* Frequency vality above BOHE is = To0 MHE T unsentarty i Be FESS of the ConeF unostanty o calivatoes. iequaroy and) o rosnasnly o
i Wlicailend frecuency band,
'Hmﬂ-ﬂﬂmu-m#m-——uun.]-u—uunnlqﬂmmnwn“
AR i, The Urceriariy 5 e RSS of f GO unteninty for indcit s [Sau parameies

AiphaTeldh ore delassned dutng calibrafion SPTAC swranly Pl Pe seimaating dewalion s |2 e birdary efles! ifter (o posalion o
ihvry ivsn Ban ¢ 1% For mouenaies baiow 3 DT, Deiow = P bor equescies befwean 3-8 G- and boiow § §% lor frequencies botwesn §-10
Gy oty e laep Wian teil e probe S5 Sermester Ieom the Soundary.
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EXADAY 4= SN TARS Maech 18, 2021

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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M= SN 7458 iarch 18, AXH

Receiving Pattern (¢), 5 = 0°

=600 MHz. TEM f=1800 MHz,R22
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Uncertadnty of Axial isotropy Assessment: 1 0.5% (k=2
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EXIPE= SM:T45E taech 10, M

Conversion Factor Assessment
= 2450 MHE WGELS R22 (H_coms) 1= 2450 MHz WGLS R22 (M _con)
i =] E 1
= & ™
£ i
Deviation from Isotropy in Liquid
Ervor (4, 8), = 900 MHz

10 28 A8 04 -0F Q08 QI (L e a8 19
Wncartainty of Spherscal lsotropy Assessment; £ 28% (k=2)
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Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client

Object

Calibration procedure(s)

Calibration date:

Calibration Equipment used (M&TE critical for calibration)

=

W
SN2,

S
C
S

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

Al calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration

Power meter NRP SN: 104778 01-Apr-20 (No. 217-03100/03101) Apr-21

Power sensor NRP-Z91 SN: 103244 01-Apr-20 (No. 217-03100) Apr-21

Power sensor NRP-Z91 SN: 103245 01-Apr-20 (No. 217-03101) Apr-21

Reference 20 dB Attenuator SN: BH9394 (20k) 31-Mar-20 (No. 217-03106) Apr-21

Type-N mismatch combination SN: 310982 / 06327 31-Mar-20 (No. 217-03104) Apr-21

Reference Probe EX3DV4 SN: 7405 29-Jun-20 (No. EX3-7405_Jun20) Jun-21

DAE4 SN: 908 14-Aug-20 (No. DAE4-908_Aug20) Aug-21

Secondary Standards ID # Check Date (in house) Scheduled Check

Power sensor R&S NRP33T SN: 100967 17-Oct-16 (in house check Dec-18) In house check: Dec-21

RF generator Anapico APSIN20G | SN: 669 28-Mar-17 (in house check Dec-18) In house check: Dec-21

Network Analyzer R&S ZVL13 SN: 101093 10-May-12 (in house check Dec-18) In house check: Dec-21
Name Function Signature

Calibrated by:

Approved by:

Issued: September 28, 2020

Certificate No: D6.5GHzV2-1013 Sep20
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Calibration Laboratory of S,

; S %,
Schmid & Partner im
Engineering AG T3
Zeughausstrasse 43, 8004 Zurich, Switzerland ‘»/,f,:\\\\:"‘

"Jh.[“\ﬂ\\‘

Accredited by the Swiss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage

c Servizio svizzero di taratura

S  Sswiss Calibration Service

Accreditation No.: SCS 0108

Glossary:

T8l tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:
a) |EC/IEEE 62209-1528 ED1, “Measurement procedure for the assessment of specific

absorption rate of human exposure to radio frequency fields from hand-held and body-worn
wireless communication devices - Part 1528: Human models, instrumentation and
procedures (Frequency range of 4 MHz to 10 GHz)”, draft 2019

Additional Documentation:
b) DASY6 System Handbook

Methods Applied and Interpretation of Parameters:

Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

SAR measured: SAR measured at the stated antenna input power.

SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Cartifirata Nla: NAR RAGHZ/2-1N12 San?2n Pane 2 of A






Measurement Conditions

DASY system configuration, as far as not given on page 1.

DASY Version DASY6 V6.14
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom

Distance Dipole Center - TSL 5mm with Spacer

Zoom Scan Resolution

dx, dy =3.4 mm, dz =1.4 mm

Graded Ratio = 1.4 (Z direction)

Frequency

6500 MHz + 1 MHz

Head TSL parameters

The following parameters and calculations were applied.

Temperature Permittivity Conductivity
Nominal Head TSL parameters 22.0°C 345 6.07 mho/m
Measured Head TSL parameters (22.0£0.2) °C 348+6% 6.30 mho/m +£6 %
Head TSL temperature change during test <05°C e e
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 29.1 W/kg

SAR for nominal Head TSL parameters

normalized to 1W

291 W/kg = 24.7 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 100 mW input power 5.38 W/kg
SAR for nominal Head TSL parameters normalized to 1W 53.8 W/kg = 24.4 % (k=2)

Certificate No: D6.5GHzV2-1013 Sep20
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point

49.40Q-59jQ

Return Loss

-245dB

General Antenna Parameters and Design
After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order to improve matching when loaded according to the position as explained in the
"Measurement Conditions" paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Certificate No: D6.5GHzV2-1013 Sep20
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DASY6 Validation Report for Head TSL

Measurement Report for D6.5GHz-1013, UID 0 -, Channel 6500 (6500.0MHz)

Device under Test Properties

Name, Manufacturer Dimensions [mm] IMEI DUT Type
D6.5GHz 16.0 x 6.0 x 300.0 SN: 1013 =
Exposure Conditions
Phantom Position, Test Band Group, Frequency Conversion TSL Cond. TSL
Section, TSL Distance uiD [MHz] Factor [S/m] Permittivity
[mm]
Flat, HSL 5.00 Band cw, 6500 5.75 6.30 34.8

Hardware Setup
Phantom TSL
MFP V8.0 Center - 1182 HBBL600-10000V6

Scan Setup

Zoom Scan
Grid Extents [mm] 22.0x22.0x22.0
Grid Steps [mm] 34x34x14
Sensar Surface [mm] 1.4
Graded Grid Yes
Grading Ratio 1.4
MAIA N/A
Surface Detection VMS + 6p
Scan Method Measured

Probe, Calibration Date
EX3DV4 - SN7405, 2020-06-29

DAE, Calibration Date
DAE4 Sn908, 2020-08-14

Measurement Results

Zoom Scan
Date 2020-09-25, 16:27
psSAR1g [W/Kg] 29.1
psSAR10g [W/Kg] 5.38
Power Drift [dB] -0.01
Power Scaling Disabled
Scaling Factor [dB]
TSL Correction Enabled
M2/M1 [%] 50.1
Dist 3dB Peak [mm] 4.8

Certificate No: D6.5GHzV2-1013 Sep20
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Impedance Measurement Plot for Head TSL
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Object

Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 + 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards ID Cal Date (Ceriificate No.) Scheduled Calibration
Power meter NRP SN: 104778 09-Apr-21 (No. 217-03291/0292) Apr-22

Power sensor NRP-Z91 SN: 103244 09-Apr-21 (No. 217-03291) Apr-22

Power sensor NRP-Z91 SN: 103245 09-Apr-21 (No. 217-03292) Apr-22

Reference 20 dB Attenuator SN: CC2552 (20x) 09-Apr-21 (No. 217-03343) Apr-22

Reference Probe ER3DV6 SN: 2328 . 05-Oct-20 (No. ER3-2328_0Oct20) Oct-21

DAE4 SN: 789 23-Dec-20 (No. DAE4-789_Dec20) Dec-21

Secondary Standards ID Check Date (in house) Scheduled Check
Power meter E4419B SN: GB41203874 06-Apr-16 (in house check Jun-20) In house check: Jun-22
Power sensor E4412A SN: MY41498087 06-Apr-16 (in house check Jun-20) In house check: Jun-22
Power sensor E4412A SN: 000110210 06-Apr-16 (in house check Jun-20) In house check: Jun-22
RF generator HP 8648C SN: US3642U01700 04-Aug-99 (in house check Jun-20) In house check: Jun-22
Network Analyzer EB358A SN: US41080477 31-Mar-14 (in house check Oct-20) In house check: Oct-21

Name Function

Calibrated by:
Approved by:

Issued: May 24, 2021

This calibration certificate shall not be reproduced except in full without written approval of the laboratory.
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Calibration Laboratory of
Schmid & Partner

Schweizerischer Kalibrierdienst

Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
NORMZx,y,z sensitivity in free space
DCP diode compression point
CF crest factor (1/duty_cycle) of the RF signal
A,B,C,D modulation dependent linearization parameters
Polarization ¢ ¢ rotation around probe axis
Polarization 9§ 9 rotation around an axis that is in the plane normal to probe axis (at measurement center),
i.e., 9 = 0 is normal to probe axis
Connector Angle information used in DASY system to align probe sensor X to the robot coordinate system
Sensor Angles sensor deviation from the probe axis, used to calculate the field orientation and polarization
k is the wave propagation direction

Calibration is Performed According to the Following Standards:
a) IEEE Std 1309-2005, "|EEE Standard for calibration of electromagnetic field sensors and probes, excluding
antennas, from 9 kHz to 40 GHz", December 2005

Methods Applied and Interpretation of Parameters:
¢ NORMx,y,z: Assessed for E-field polarization 9 = 0 for XY sensors and 9 = 90 for Z sensor (f< 900 MHz in
TEM-cell; f > 1800 MHz: R22 waveguide). For frequencies > 6 GHz, the far field in front of waveguide horn
antennas is measured for a set of frequencies in various waveguide bands up to 110 GHz.

e DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

e PAR:PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

e The frequency sensor model parameters are determined prior to calibration based on a frequency sweep
(sensor model involving resistors R, Rp, inductance L and capacitors C, C,).

* Axy,z; Bxy,z; Cxy.z; Dx,y,z; VRx,y,z: A, B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode.

» Sensor Offset: The sensor offset corresponds to the mechanical from the probe tip (on probe axis). No
tolerance required.

» Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

» Equivalent Sensor Angle: The two probe sensors are mounted in the same plane at different angles. The
angles are assessed using the information gained by determining the NORMx (no uncertainty required).

e  Spherical isotropy (3D deviation from isotropy): in a locally homogeneous field realized using an open
waveguide / horn setup.

Certificate No: EUmmWV4-9538_May?21 Page 2 of 19





EUmmWV4 - SN: 9538 May 20, 2021

DASY - Parameters of Probe: EUmmWV4 - SN:9538

Basic Calibration Parameters

Sensor X Sensor Y Unc (k=2)

Norm (uV/(V/im)?) 0.01847 0.02039 £+10.1%
DCP (mV)”® 105.0 105.0
Equivalent Sensor Angle -60.9 352

Calibration results for Frequency Response (750 MHz — 110 GHz)
Frequency | Target E-Field Deviation Sensor X Deviation Sensor Y Unc (k=2)
GHz Vim dB dB dB
0.75 77.2 -0.25 -0.31 +0.43 dB
1.8 140.4 0.03 0.08 +0.43 dB
2 133.0 0.03 0.06 +0.43 dB
2.2 124.8 0.08 0.07 +0.43 dB
2.5 123.0 0.06 0.03 +0.43 dB
3.5 256.2 0.29 0.07 +0.43 dB
3.7 249.8 0.33 0.06 +0.43dB
6.6 41.8 0.16 0.10 +0.98 dB
8 48.4 0.41 0.14 +0.98 dB
10 54.4 -0.54 -0.46 +0.98 dB
15 71.5 0.64 -0.40 +0.98 dB
18 85.3 -0.03 0.07 +0.98 dB
26.6 96.9 -0.47 -0.28 + 0.98 dB
30 92.6 -0.19 -0.17 +0.98 dB
35 93.7 -0.26 -0.13 +0.98 dB
40 91.5 0.08 -0.15 +0.98 dB
50 19.6 -0.43 -0.50 +0.98 dB
55 22.4 0.53 0.13 +0.98 dB
60 23.0 -0.31 -0.21 + 0.98 dB
65 27.4 -0.29 -0.20 +0.98 dB
70 239 0.09 -0.30 +0.98 dB
75 20.0 0.00 -0.20 +0.98 dB
75 14.8 -0.48 -0.49 +0.98 dB
80 22.5 0.10 0.16 + 0.98 dB
85 22.8 -0.25 -0.14 + 0.98 dB
90 23.8 -0.02 -0.02 +0.98 dB
92 23.9 -0.38 -0.35 +0.98 dB
95 20.5 -0.32 -0.36 +0.98 dB
97 24.4 -0.15 -0.17 +0.98 dB
100 22.6 -0.17 -0.17 +0.98 dB
105 227 0.06 0.13 + 0.98 dB
110 19.7 0.20 0.14 +0.98 dB

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

® Numerical linearization parameter: uncertainty not required.

e Uncertainty is determined using the max. deviation from linear response applying rectangular distribution and is expressed for the square of the
field value.
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EUmmWV4 - SN: 9538 May 20, 2021

DASY - Parameters of Probe: EUmmWV4 - SN:9538

Calibration Results for Modulation Response

uID Communication System Name A B [ D VR Max Max
dB dBVpv dB mV dev. UncE
(k=2)
0 cw X 0.00 0.00 1.00 0.00 1331 | +33% | £+4.7%
% 0.00 0.00 1.00 70.7
10352- Pulse Waveform (200Hz, 10%) X 3.09 60.00 | 14,53 | 10.00 6.0 +15% | £96%
AAA Y 3.16 60.00 14.75 6.0
10353- Pulse Waveform (200Hz, 20%) X 2.15 60.00 [ 13.33 6.99 120 | £13% | +96%
AAA Y 2.12 60.00 13.75 12.0
10354~ Pulse Waveform (200Hz, 40%) X 1.28 60.00 | 12,05 3.98 230 +18% | +96%
AAA Y 1.26 60.00 | 12.60 23.0
10355- Pulse Waveform (200Hz, 60%) X 0.74 60.00 | 11.46 222 27.0 +13% | £96%
AAA Y 0.87 60.00 | 11.59 27.0
10387- QPSK Waveform, 1 MHz X 1.19 60.00 | 12.34 1.00 220 | +13% | £96%
AAA i 1.35 60.00 11.80 22.0
10388- QPSK Waveform, 10 MHz X 1.25 60.00 | 1213 0.00 22.0 +12% | +96%
AAA X 1.54 60.00 | 11.53 22.0
10396- 64-QAM Waveform, 100 kHz X 2.82 63.38 15.00 3.01 17.0 +09% | £96%
AAA . 225 60.00 | 13.74 17.0
10399- 64-QAM Waveform, 40 MHz X 2.06 60.00 12.55 0.00 190 | +10% | +96%
AAA Y. 2.31 60.00 12.17 19.0
10414- WLAN CCDF, 64-QAM, 40MHz X 3.19 60.00 | 12.95 0.00 12.0 £11% | +96%
AAA Y 3.47 60.00 | 12.62 12.0

Note: For details on all calibrated UID parameters see Appendix

Calibration Results for Linearity Response

Frequency | Target E-Field Deviation Sensor X dB Deviation Sensor Y dB Unc (k=2)
GHz Vim dB

0.9 50.0 0.14 0.14 +0.2dB
0.9 100.0 0.01 -0.01 +0.2dB
0.9 500.0 -0.01 -0.02 + 0.2 dB
0.9 1000.0 0.01 0.01 +0.2dB
0.9 1500.0 0.00 -0.01 +0.2dB
0.9 2000.0 -0.03 -0.01 +0.2dB

Sensor Frequency Model Parameters (750 MHz — 55 GHz)

Sensor X SensorY
R(Q) 80.58 76.00
(Q) 89.52 93.64
L (nH) 0.09512 0.08528
C (pF) 0.3505 0.3434
C, (pF) 0.0845 0.0853
Sensor Frequency Model Parameters (55 GHz - 110 GHz)
Sensor X Sensor Y
R(Q) 28.54 32.87
Rp (Q) 97.20 95.75
L (nH) 0.03913 0.03539
C (pF) 0.1460 0.1941
C, (pF) 0.1156 0.1187
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EUmmWV4 - SN: 9538 May 20, 2021
DASY - Parameters of Probe: EUmmWV4 - SN:9538
Sensor Model Parameters -
c1 c2 a T1 T2 T3 T4 T5 T6
fF fF v ms.V? | ms.V! ms \ v
X 54.9 397.20 33.60 0.92 8.04 4.97 0.00 1.68 1.01
i E 48.7 348.18 32.85 0.92 7.61 5.00 0.00 2.00 1.01
Other Probe Parameters
Sensor Arrangement Rectangular
Connector Angle (°) -164.1
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode disabled
Probe Overall Length 320 mm
Probe Body Diameter 8 mm
Tip Length 23 mm
Tip Diameter 8.0 mm
Probe Tip to Sensor X Calibration Point 1.5 mm
Probe Tip to Sensor Y Calibration Point 1.5mm
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EUmmWV4 - SN: 9538

Deviation from Isotropy in Air
f=30, 60 GHz

30 GHz: 3D isotropy, E-field parallel to probe axis
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60 GHz: 3D isotropy, E-field parallel to probe axis
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May 20, 2021

Probe isotropy for Ey: probe rotated ¢ = 0° to 360°, tilted from field propagation direction &

Parallel to the field propagation (y =0° - 90°) at 30 GHz: deviation within + 0.31 dB
Parallel to the field propagation (y =0° - 90°) at 60 GHz: deviation within + 0.36 dB
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